The paper revises the impact of infrastructures and Information and Communications Technologies (ICT) on Spanish economic growth. It makes use of the Fbbva/Ivie capital services database recently released (Mas, Pérez and Uriel (2005) ) which follows closely OECD (2001a, b) recommendations. The paper also addresses the problem posed by the presence of publicly owned assets, especially when implementing the endogenous approach to the internal rate of return determination. After offering an alternative to the standard approach, it carries out a growth accounting exercise considering explicitly three types of ICT capital assets (software, hardware and communications) and six different types of infrastructures (roads, ports, railways, airports, and water and urban infrastructures).
The point of departure is twofold. On the one hand, there is the role played by infrastructures on the US productivity slowdown of the seventies and eightieshighlighted in his seminal article by Aschauer (1989a) . This paper deserved a great deal of attention not only in the US but in other countries as well 1 . Most papers make use of econometric estimations of either production or cost functions where public capital enters explicitly as an argument. The lack of agreement on the value of the output infrastructure elasticity was the dominant result, ranging from 0.73 in Aschauer (1989b) to even negative values obtained by some authors (see Sturm, Kuper and Haan (1996) for a review). The lack of adequate information on capital services provided by the different types of assets did not allow contrasting the econometric results with those obtained from a growth accounting framework. Their present availability for Spain led us to fill this gap.
The second reference is the intensive, as well as extensive, work done since the beginning of the nineties on the contribution of ICT to economic growth. While infrastructures displayed a leading role on the US productivity slowdown of the seventies and eighties, ICT accumulation was identified as the major responsible factor of the US productivity upsurge since the mid nineties 2 . However, similar impacts were not observed -at least not with generality-in most of the European Union (EU) countries. Seemingly, significant impact was confined to countries with an important presence of the ICT producing sector 3 .
In the case of Spain the debate on the role played by infrastructures on economic growth deserved a great deal of attention during the nineties. The issue at hand was not only how to promote growth but, most importantly, the consequences of the different public capital endowments among the Spanish regions in the (lack of) convergence of per capita regional incomes. Over the late nineties the slowdown of Spanish labor productivity, contrasting with the upsurge in the USA, put ICT capital in the center of the debate, substituting somehow the previous prominence of infrastructures in the growth debate.
Within this general framework, the paper follows the next structure. Section 1 sketches the growth accounting framework taken as reference. Section 2 reviews the treatment given to publicly owned assets by National Accounts as well as its implications. Section 3 summarizes the data used, and section 4 illustrates the consequences of using the standard approach to the internal rate of return determination. Section 5 presents the results and section 6 concludes.
The Growth Accounting Framework
Suppose that the production function recognizes three different kinds of capital 
With s = software; h = hardware; and c = communications. The growth rate of infrastructures and of the remaining (other) forms of capital is computed in a similar manner.
If additional assumptions are imposed, namely: 1. Constant returns to scale (CRS) in the production function [1]; 2. optimizing behavior by agents; 3. competitive markets; and 4. perfect foresight (in the sense that the ex-post rate of return implicitly 4 Equation [5] assumes that the user cost for each particular type of asset is the same across industries. This assumption could be inadequate if the level of risk is different between industries -as most probably it is the case. It should be anticipated that the expected return on an asset that is owned and used in a risky industry should be higher than the expected return if the same asset is used in a low-risk industry. I thank P. Schreyer for driving my attention to this important point.
computed by national accountants exactly matches the ex-ante rate) then, total cost equals total revenue (TC t =PQ t ) so that either term can be safely used interchangeably in equations [3] 
On the User Cost
The user cost expression in equation [5] can adopt different specifications. Let ´s assume that it is given by
with p j,t-1 representing the price of asset j, and π j,t its rate of variation; r t is the nominal rate of return (common to all assets); and δ j,t is asset j depreciation rate.
The next step is the determination of r t in [8] . For this one can follow either an exogenous or an endogenous procedure. According to the former one the rate of return must be related, in one way or another, to the market nominal rates of interest. By contrast, the endogenous procedure obtains the internal rate of return from equating Gross Operating Surplus (GOS) to capital revenues.
As it is well known, both procedures have their pros and cons. For the exogenous approach the main difficulty lies on the selection of the most suitable interest rate, while its main advantages can be summarized as follows: 1. no restrictive assumptions are needed, especially with regard to returns to scale and perfect competition; 2. it can easily deal with the presence of public goods; and 3. it allows to model r t as an expected rate of return (no perfect foresight assumption needed).
On its side, the endogenous approach has the main advantage of conforming to main stream assumptions, namely that the production function presents constant returns to scale (CRS) in a perfectly competitive environment. The need to fulfill these assumptions becomes also its main inconvenient. To this, Schreyer, Diewert and Harrison (2005) add an additional problem. According to these authors, an endogenous rate of return for the total economy cannot be calculated because there is no independent estimate of GOS for government assets.
Before turning to this point, let's follow Jorgenson and Landfeld (2004) and further assume that r t is a weighted average of the nominal interest rate and the internal rate of return, ρ t :
That is, it is assumed that r t combines an exogenous component (i t ) together with an endogenous one, ρ t . Equation [9] shows a standard financial structure for private firms, where the market interest rate reflects debt financing and the endogenous rate reflects equity financing. With this assumption, equation [8] becomes:
[10]
We now turn to the problem posed by the presence of public assets.
The treatment of public assets
The presence of assets owned by the public sector becomes a problem -at least potentially-for the endogenous approach. The reason lies on the National Accounts (NA) practices. National Accounts do not assign a net return to the flow of services provided by public capital. The only recognized flow is fixed capital consumption. Jorgenson and Landfeld (2004) address the main problem in the following terms:
"While the existing accounts do treat government expenditures on capital goods as investment, they include only a partial value for the services of government capital by counting the value of depreciation on government capital (no value is included for the services of nonprofit capital)…The present treatment of government capital implicitly assumes that the net return to government capital is zero, despite a positive opportunity cost". And they continue, "the net return to the capital stock must (be) estimated and added to depreciation to develop a service value. This estimation raises conceptual issues relating to the appropriate opportunity cost and empirical issues in estimating this cost" (pg. 12).
The above paragraph summarizes the main issues, with the following important implications:
1. The Gross Operating Surplus (GOS) figures provided by National Accounts are underestimated because the value of capital services provided by public capital is not fully considered.
2. Consequently, the value of output is also underestimated in NA figures, affecting both its level and rate of growth.
3. If the endogenous approach is used when computing the rate of return, points 1 and 2 above will have, at least potentially, consequences on:
-The implicit rate of return -The input shares -The growth accounting results 4. If the exogenous approach is adopted, only point 2 above will have consequences on the growth accounting exercise.
Let's assume that the property of a given asset j, is divided between the public and private sectors. Thus, KP j,t = KP p j,t + KP g j,t -where the superscripts p and g denote respectively private and government property of asset j. According to National Accounts (NA), the Gross Operating Surplus (GOS) is computed as:
∑∑
That is, GOS in the National Accounts is GOS of the private sector plus depreciation of government assets. From an analytical perspective, and under the assumptions of the endogenous approach, the private sector GOS will equal private sector capital services. So, GOS NA,p = Thus, according to NA, the services provided by a given amount of capital are dependent on public or private asset ownership. Even so, most researchers are not aware of the specific methodology followed by NA. This is especially true when the internal rate of return is computed -as it usually is -from an equation such as [12] :
The fact that the usual way of computing the internal rate of return according to the endogenous approach is incorrect does not impair this procedure from being applied once the public ownership of some assets is fully recognized. As an alternative, the internal rate could be computed reordering equation [11] Once ρ t has been computed according to [13] one can apply Nordhaus (2004) basic principle for measuring non-market activities: "Non-market goods and services should be treated as if they were produced and consumed as market activities. Under this convention, the prices of non-market goods and services should be imputed on the basis of the comparable market goods and services" (pg. 5). Thus, if one assumes the same rental price for capital cu j,t independently of who owns the asset 5 , we can revise the National Accounts figures, in order to obtain a revised Gross Operating Surplus estimate, GOS R , in the following way:
Growth Accounting Implications
As already indicated, the explicit recognition of the provision of capital services by public assets -beyond capital consumption-affects the value, as well as the growth rates, of two of the variables involved in any growth accounting exercise: value added and capital input. 
The growth rate of capital is given by an equation similar to [7] where VCS is computed in [5] using the alternative user cost given by [13] . Before comparing -in section 4 below-the results provided by both approaches the next section provides a brief description of the data characteristics and sources. 
The data

Implications of the two approaches
From our perspective, the choice between the standard vs the alternative approach here proposed has consequences for the levels of Gross Operating Surplus and Value Added; and also for the growth rates of Value Added and Capital. Graph 1 plots the ratios between the two forms of computation for the two variables, GVA and GOS. GVA data for the alternative approach are given by equation [15] and those for GOS from [14] . As can be seen, National Accounts underestimate the GVA figures by approximately 5%-6% and the GOS figures by 15%. In both cases the gap has increased since the mid nineties. However, these differences in levels are lower in terms of growth rates. Graphs 2 and 3 show that the differences in growth rates between the two approaches are practically non existing. 
ICT and Infrastructures. Results
From now on, the results shown were obtained under the alternative approach assumptions. But before turning to the growth accounting results it is interesting to take a closer look to some of its determinants. The first one is the user cost. According to equation [10] the user cost expression has two elements: the price of the asset, p j,t , and the user cost per euro invested: [β t i t + (1 -β t ) ρ t -π j,t + (1+π j,t ) δ j,t ]. Table 4 presents the estimated total user cost -as well as each of its two components-for six infrastructures and three ICT assets.
The first thing to notice is that the user cost has increased for all the assets included in the infrastructures and ICT groups, with the only exception of Office machinery and computer equipment (hardware for short). At the beginning of the period, the user cost was lower for infrastructures than for ICT capital as a consequence of both, lower prices indexes and lower unit user costs. In contrast, in 2004 the user cost for hardware was lower than for infrastructures due to the strong price reduction of the former. In fact, while hardware experienced more than a six fold (6.3) accumulated price reduction, infrastructures prices more than doubled (2.4) between 1985 and 2004. Notice too that, as expected, the unit user cost of ICT assets has always been higher than for infrastructures due to the conjunction of two combined effects: higher depreciation rates -as a result of shorter services lives-and capital losses originated by falling prices, especially in hardware. As already mentioned, most of the papers devoted to the analysis of the role of infrastructures on economic growth start by estimating an equation such as [1] -usually highlighting only infrastructure capital. They frequently impose constant returns to scale (CRS) and perfectly competitive markets. So the estimated coefficient is identified as the infrastructure's output elasticity. Under these assumptions, total cost (TC) equals total revenue (PQ) and equation [6] provides the expression for infrastructures' value added elasticity. Its computation is provided in table 5.
For total capital, the estimated gross value added elasticity is around 0.37, while for non-infrastructures non-ICT is approximately 0.1 of a percentage point lower. Infrastructures elasticity increased over the period, presenting values around 0.05-0.06 since 1995. This figure is very close to the one obtained by Mas et al (1996) for Spain (0.086) and higher than in Goerlich and Mas (2001) for the fifty Spanish provinces (0.02). The aforementioned elasticities were computed from an econometric estimation of a production function equation similar to [1] . The lower value of the elasticity when provincial data are used can be interpreted by the presence of spillover effects among contiguous territories. These figures reconcile the results obtained from the two alternative strategies, econometric estimation and growth accounting. However, it also contradicts a previous results obtained by Mas et al (1996) where, after the recursive estimation of a production function, the elasticity diminishes and does not increase as it is now the case. The database allows the distinction of infrastructures according to their ownership, private or public. However, from an economic standpoint this distinction has no consequences, since we are assuming that who owns the capital is not relevant for the impact of a given asset on the economy. Taken all together, the output elasticity of ICT assets is lower than that of infrastructures and it has remained fairly stable since 1990. The highest value corresponds to communications and the lowest to hardware, while software is the ICT asset showing the strongest elasticity increase.
The user cost values in table 4, allows us to compute the marginal product of each asset. If we keep assuming CRS and perfect competitive markets, profit maximization implies that the value of the marginal product of each factor of production must equal its price. Thus, the value of the marginal product of labor must equal the nominal wage. Similarly, the optimality condition implies that the value of the marginal product of capital must equalize the user cost. If we are interested in the physical marginal productivity, then the condition is that marginal productivity equals the user cost divided by the price of output.
However, we do not have a price for the assets -nor for output-but a price index equal for both to 100 in the base year (2000) . Therefore, we do not have information on relative price levels, only about comparable inflation rates. This means that -if we want to compare the marginal productivities of different assets in a given year-we should make use of the information provided by section 2 in table 4, refered to unit user cost 11 .
If, alternatively, we are interested in the time profile of marginal productivities, we should divide the user cost by the price index of output. This last calculation is provided in The information in section 2 of table 4 tell us that marginal productivities of ICT assets have always been higher than for infrastructures, specially for software due its short service life and consequently high depreciation. The time profiles provided by table 6 inform us that marginal productivities have been steadily decreasing along the period for ICT assets. This is not the case for infrastructures where it depends on the period under consideration. If we take 1985 as the initial year, marginal productivities have increased. But if we consider the period 1990-2004 we find a fairly constant path, or even a slight reduction.
The contribution of the different assets to output growth depends on two factors: their elasticity as well as their rate of growth. The latter ones appear in table 7. The rate of growth of total (non residential) capital has been rather strong in Spain, averaging 4.78% over the period [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] , not showing a cyclical profile. ICT accumulation was even stronger, experiencing a marked slowdown during the period 1990-1995, when the Spanish economy went through a severe recession. The opposite profile was shown by public infrastructures, with their highest rate of growth precisely during those years. Since 1995 public infrastructures have shown a noticeable deceleration that has been matched by a parallel upsurge of private infrastructures. While in 1985-1990 the rate of growth of private infrastructures was a modest 1.87% per year, in the last sub-period 2000-2004 it was four times higher, reaching 8.70%, mainly due to the extraordinary increase experienced by railways and airport infrastructures 13 .
We have now all the ingredients needed to move to growth accounting. As already mentioned, infrastructures enter twice in the Spanish estimates: as assets in table 2, and also as industries in table 1. Therefore, from the perspective of the growth accounting framework, infrastructure capital affects the aggregate figures through its impact on two specific industries. Public infrastructures contribute to the growth rate of the value added generated by the Public Administration industry -and thus to aggregate value added-while privately owned infrastructures affect the growth rate of the Transport, Storage and Communication industry. Table 8 presents the result of the growth accounting exercise, taking as reference equation [2] but referred to labor productivity instead of total output. Labor productivity grew at a rate of 1.08% per year during the period 1985-2004 but it went through very different phases. During the expansion years [1985] [1986] [1987] [1988] [1989] [1990] , as well as along the recession period 1990-1995, productivity growth averaged, respectively, 1.92% and 1.67%, well over 1.5% per year. Things changed in the following nine years of important output -and especially labor-growth. During the years 1995-2000 labor productivity growth was slightly negative (-0.08%) but it recovered its pulse -though modestly-over the years 2000-2004 (0.62%) Over the whole period, 1985-2004, capital deepening contribution was responsible for most (89%) of total productivity growth. Infrastructures contributed with 12.96%, half the magnitude of ICT capital. It is interesting to concentrate on the last two sub-periods. The negative increase in labor productivity during the second half of the nineties originated in the combination of two factors: a strong deceleration of the capital endowments per worker, together with a negative contribution of Total Factor Productivity (TFP) growth. Capital deepening slowdown affected all forms of capital, with the sole exception of ICT capital. For the remaining forms of capital their contribution was almost nil, being private infrastructures contribution slightly negative. 
Concluding remarks
New capital services data released by Fbbva/Ivie have made possible to carry out -improving and updating previous studies-an analysis of the impact of infrastructures and new technologies on Spanish growth. Used data include 43 industries and 18 different types of assets (including 6 types of infrastructures and 3 types of ICT capital). The chosen approach was growth accounting while most previous studies were forced to use -due basically to the lack of suitable data-an econometric perspective. National Accounts data are modified in order to take explicitly into account the capital services provided by public capital, especially when the endogenous approach to the internal rate of return determination is adopted. Accordingly, GVA figures provided by NA are underestimated by 5%-6% while Gross Operating Surplus is also underestimated by around 15%. However, the growth rates of both, GVA and that of the Volume Index of Capital Services, are not significantly affected.
Under some restrictive assumptions (constant returns to scale, perfectly competitive markets and optimizing behaviour) we compute the elasticities of the different types of assets as well as their marginal products. Computed infrastructures elasticities are similar to those obtained from previous econometric estimates in a range of around 0.06. By contrast, according to our estimates, we find slightly increasing infrastructures elasticities while previous results indicated the opposite trend.
Concerning marginal productivities we find, firstly, that the marginal productivities for the three ICT assets are higher than for infrastructures. And secondly, that ICT assets marginal productivities have decreased steadily and very rapidly, both in the case of hardware and software. By contrast, the marginal products of the six types of infrastructures have been fairly stable since 1990.
Finally, the growth accounting exercise carried out indicates that ICT contribution to Spanish productivity growth has been higher than infrastructures for the entire period 1985-2004. It was also higher in three of the four sub periods considered, being the recession years 1990-1995 the only exception. However, ICT capital deepening contribution slowed down in 2000-2004 compared to 1995-2000 in a general context of recovery of i) labor productivity; ii) capital deepening of the remaining forms of capital (including infrastructures) and iii) less negative TFP contribution.
